INTRODUCTION
The study of organic compounds in car bonaceous chondrites was initiated as early as 1834 by J. J. Berzelius (Ann. Phys. Chem., 1834, 33, 113) . However, the first unambiguous finding of indigenous organic compounds was presented. by the examination of amino acids in the Murchison carbonaceous chondrite (Kven volden et al., 1970 and . Soon after, other carbonaceous chondrites, such as Orgueil, Mur ray, and Allende then available, were examined for amino acids (Cronin and Moore, 1971; Lawless et al., 1971 and Oro et al., 1971) , and these results supported the earlier work by Kvenvolden et al. In the meantime, the discovery of a large number of meteorites in Antarctica since 1969 (Yanai, 1976) provided us with an opportunity to examine Antarctic carbonaceous chondrites for organic compounds. The first two Antarctic carbonaceous chondrites examined for organic compounds were Yamato-74662 (Shimoyama et al., 1979a and b) and Allan Hills-77306 (Cronin et al., 1979; Holzer and Oro, 1979; Kotra et al., 1979) . All of these studies showed amino acids in digenous to the chondrites. In addition, the stu dy of Yamato-74662 clearly indicated that the *Also National Institute of Polar Research , Kaga 1-chome, Itabashi, Tokyo 173, Japan chondrite had received little terrestrial biological contamination and would be useful as a pristine sample for the study of organic compounds in the early condensates of our solar system.
Subsequently, we analyzed for amino acids another Antarctic carbonaceous chondrite, Yamato-791198 (Shimoyama et al., 1985) . Hav ing ensured the presence of indigenous amino acids and little terrestrial organic contamination to the chondrite, we extended our analysis to car boxylic acids (Shimoyama et al., 1986) and hydrocarbons (Naraoka et al., 1988) in the chon drite.
Since we found carboxylic acids and hydrocarbons in addition to amino acids in Yamato-791198, we expected the presence of these two classes of organic compounds in Yamato-74662.
At the same time, we suspected the presence of the two classes of compounds in Yamato-793321, although it showed, unexpected ly, very small amount of amino acids for its con tent of carbon and nitrogen (Shimoyama and Harada, 1984) .
Therefore, we undertook the examination of carboxylic acids and hydrocarbons in Yamato 74662 and Yamato-793321. Here we describe our Analyses and results, and discuss the characteris tics of the two classes of compounds found in and the absence of these com pounds in Yamato-793321.
SAMPLES
The two carbonaceous chondrite samples analyzed in this investigation were Yamato 74662,52(1.7 g) and Yamato-793321,5(4.6 g) which were provided by the National Institute of Polar Research of Japan. These two samples were taken out from teflon bags sent by the In stitute, and pulverized in our clean room. The previous analysis of amino acids in Yamato 74662 (Shimoyama et al., 1979a and b) used a different sample, Yamato-74662,23. As 'to the Yamato-793321,5 sample, one gram of the pulverized sample was already used for the amino acid analysis (Shimoyama and Harada, 1984) . We used 500 mg of the pulverized sample Carboxylic acids
The pulverized sample was extracted in a degassed-sealed glass tube with 5 ml of 5% KOH-methanol(w/v) by refluxing at 80°-90°C for 3 h. After centrifugation, the precipitated residue was extracted by sonication with 2 ml of methanol twice and the methanol solutions were combined with the supernatant. The residue from this treatment was saved for later analysis of hydrocarbons. To the combined supernatant was added 5 ml of water, which was extracted by shaking with 3 ml of benzene three times. The benzene fractions separated from water were combined and saved for the analysis of hydrocar bons.
The water fraction was evaporated to dryness, to which was added at ice-water temper ature about 1 ml of 6 M HCI. The carboxylic acids were extracted from this acidified solution by shaking with I ml of dichloromethane five times. Finally, the dichloromethane was concen trated carefully and examined for carboxylic acids. The separation and identification of each carboxylic acid was carried out by a gas chromatograph (GC) equipped with FID and a FFAP Chemical Bonded FS-WCOT capillary col umn (0.25 mm id. x 50 m), combined with a mass spectrometer (MS) with El and CI.
Hydrocarbons
The residue saved after the extraction with 2 ml of methanol was extracted by sonication with 5 ml of a mixture of benzene and methanol(9:1 by vol.) twice. To this extracted solution was added the combined benzene fraction saved after the separation from water. The solution, thus ob tained, was carefully concentrated under slightly reduced pressure and was applied to a silica gel chromatographic column. The column was eluted with hexane for aliphatic hydrocarbons and, then, with benzene for aromatic hydrocar bons. After careful concentration of the hexane and benzene solutions, they were analyzed for aliphatic and aromatic hydrocarbons, respec tively, by GC and GC/MS. A fused-silica capillary column(0.25 mm id. x 50 m) coated with OV-1 was used for the separation of in dividual aliphatic and aromatic hydrocarbons.
Procedural blanks
Organic solvents, water and 6 M HCl were doubly distilled. KOH pellets were heated at 350°C for 30 min and silica gel at 500°C for 3 h to remove organic contaminants. Glassware was heated at 500°C for 3 h just prior to use. Most of the analytical processes were carried out on a clean bench set in the clean room. Procedual 
RESULTS

Carboxylic acids
The gas chromatogram of carboxylic acids recovered from Yamato-74662 is shown in Fig.  2 . On the chromatogram of 24 peaks were found to consist of 26 compounds. Most of the peaks corresponded to single com pounds as revealed by the retention times of GC and the fragmental patterns of MS. The fragmen tal pattern yielded at the peak no. 6 (Fig. 3) show ed a composite of two compounds, 2 methylbutanoic acid with intense m/z 57, no 60, intense 74, and weak 87, and 3-methylbutanoic acid with very weak m / z 57, intense 60, weak 74 and weak 87. Close examination of peak no. 24 showed the peak appearance at the retention times of both m and p-methylbenzoic acids. Of these 24 peaks, 23 corresponded to 25 monocar boxylic acids of 21 aliphatic and 4 aromatic struc tures, and one corresponded to phenol. These aliphatic carboxylic acids contain saturated straight and branched-chain structures in the range of acetic acid (C2), being the smallest in size, and dodecanoic acid (C12), the largest. The four aromatic carboxylic acids were benzoic acid, and o-, m-, and p-methylbenzoic acids.
The 26 compounds are listed in Table 1 with their amounts as estimated from GC peak areas compared to those of authentic compounds. These contents vary from the levels of 20 nmol / g to sub-nmol / g sample. Recovery tests with authentic compounds showed 43% for butanoic acid and 93% for heptanoic acid by our analytical method. Therefore, those contents should be regarded as minimum values, especial ly for the smaller carboxylic acids, i.e., pen tanoic acid and lower in molecular weight. Never theless, those values estimated are useful, as they tell the level of carboxylic acid contents and a general trend that the content decreases with in creasing of molecular weight. Relatively large amounts of 2-ethylhexanoic acid and nonanoic acid were observed. Whether they are indigenous to the chondrite or contamination will be dis cussed later. Table 1 . pears a small number of peaks on the chromatogram of Yamato-793321 (Fig. 2 ). These peaks are too tiny to be identified by GC/MS and, we could not determine whether they were from the chondrite sample. Therefore, it is concluded that there is no detectable amount of carboxylic acids present in Yamato-793321.
n.d.: not determined Hydrocarbons . The gas chromatogram in Fig . 4 shows aliphatic hydrocarbons recovered from Yamato 74662. These hydrocarbons are in the range of retention times corresponding to n-alkanes from C12 to C24. Among 32 peaks analyzed by GC/MS, 15 peaks(peak nos. 12 to 24) were con firmed to be n-alkanes from C12 to C24, and pristane and phytane. The other 17 peaks show ed some of the characteristic fragmental patterns of n-alkenes, and a few series of i-alkanes, but they did not supply enough information for their identification. The amounts of these hydrocar b6ns were not estimated, however, n-alkanes might be present at the level of sub-nmol/g or less by the comparison of their peak areas to those of several authentic n-alkanes. Aromatic hydrocarbons recovered from Yamato-74662 are seen on the gas chromatogram in Fig. 5 . The identifications of peak nos. 1 to 25 were based on only the GC retention times, since all of these peaks were iden tified by GC/MS at the analysis of Yamato 791198. A total of 46 peaks, some of which are composites of two compounds, was found to represent possibly 50 aromatic compounds, in cluding two heterocyclic ones. Among these com pounds, the smallest one in size is naphthalene and the largest is methylfluoranthene and/or methylpyrene. The structures of these possible compounds are shown in Fig. 6 . They include various structural isomers and the identification of precise structures of these isomers was often impossible from the MS data alone without knowing the retention times of authentic com pounds on GC. Therefore, the identifications of peak nos. 15 to 22, for example, were made to the point that they are C3-naphthalenes, but without identification of the exact positional isomers of the 32 possible. The two heterocycles are dibenzothiophene, and carbazole.
Of these compounds, the most abundant eight are present at the levels of one nmol/g to sub-nmol/g as listed in Table 2 . Methylbiphenyl is also abundant, but it was not quantified because of a lack of the authentic compound. The amounts of the others were not quantified because of smaller abundance. The total amount of carboxylic acids esti mated for Yamato-74662 was 127 nmol/g which is relatively similar to that for Yamato 791198(99 nmol / g by Shimoyama et al., 1986) . On the other hand, these amounts of Antarctic carbonaceous chondrites are one to two orders of magnitude less than that reported for Mur chison (Yuen and Kvenvolden, 1973; Lawless and Yuen, 1979) , although a direct comparison might not be made as the analytical procedures were not exactly the same.
Because of the rather large difference in amount, there may be a question that Antarctic chondrites are different from non-Antarctic ones as a result of having been leached with water dur ing their stay in Antarctica, so that some organic compounds were lost after the chondrite fall. However, the total amounts of amino acids in those three chondrites are all at the same level of a few hundred to several hundred nmol/g, although the precise amounts of these three are different (Cronin et al., 1979; Shimoyama et al., 1979a and . Therefore, although the possibility of leaching with water still remains, the loss of some extractable organic compounds by the leaching was less likely, since both amino acids and the lower carboxylic acids are soluble in water.
Carboxylic acids found in Yamato-74662 show many structural isomers as in Yamato 791198. All the isomers are found for C4 and C5 acids, and six of the eight possible isomers for C6 acids. Among these isomers of C4, C5, and C6, the normal structure is not strikingly but clearly predominant over branched ones. In addition, only the normal structure was detected from C7 to C12 acids. The other structural isomers were probably present but not in detectable amount in this carbon number range of molecules. It is like ly that the formation of each isomer becomes smaller as the carbon number of molecule in creases, since the number of isomers increases with carbon number of molecule. A similar molecular distribution, i.e., the presence of various isomers and the decrease in amount with carbon number of molecule, was observed in amino acids recovered from the same chondrite (Shimoyama et al., 1979a) . These characteristics of carboxylic acids indicate that the organic syn thesis in the early solar nebula was abiotic; large ly random but to a certain degree affected by the surfaces of inorganic grains. A mechanism pro posed for the synthesis of straight chain molecules (Johnson and Wilson, 1964) may be applicable for the slight predominance of nor mal structures, by crowding the reacting chains onto a solid surface and allowing only the ends of molecules available for reaction, thus preven ting branching.
Relative abundance of n-carboxylic acids with even carbon number is larger than those with odd carbon number except nonanoic acid (Table 1) . Therefore, there is a possibility that some portions of those compounds with even car bon number might have come from con taminants, since biological fatty acids (long chain carboxylic acids) are predominantly even carbon numbered molecules. The finding of 2 ethylhexanoic acid and nonanoic acid in rela tively large amount is puzzling. These two acids were not found in Yamato-793321 or in the pro cedural blank run parallel to the analysis of Yamato-74662. Such peculiar abundances of the two compounds were not found in Yamato 791198, either. One possible source of 2-ethylhex anoic acid is dioctylphthalate used in plastics and spread in the world. Contamination of this compound in the chondrite sample can not be ex cluded. Another possibility is 2-ethylhexanoic acid came directly as a contaminant, since it is also used in plastics and greese. If the phthalate contaminated the sample, the compound and/or its derivatives should have appeared in our hydrocarbon analysis, which is not the case as revealed by the analysis. As to the nonanoic acid abundance, there is no plausible explanation by either chondritic origin or contamination. These two questions remain to be solved in future. However, even if the two acids and some por tions of other acids were from contamination, they are only superimposed on those carboxylic acids indigenous to the chondrite and do not change their finding and interpretation.
Aliphatic hydrocarbons found in Yamato 74662 show the predominance of n-alkanes in the range of C12 to C18 over the other homologs. This predominant feature was clearly observed in Yamato-791198 (Naraoka et al., 1988) and the amounts of n-alkanes in the two chondrites are approximately similar. However, unlike Yamato-791198, Yamato-74662 showed other homologs which are rather abundant in the region above C16 on the chromatogram. Among these compounds were found pristane and phytane which are known to occur so far only as biological compounds but not as abiotic ones. Therefore, the presence of the two isoprenoid hydrocarbons suggests terrestrial biological con tamination in the chondrite sample. The source of other aliphatic hydrocarbons is not clear presently. In the light of the presence of pristane and phytane, these aliphatics might have also come from contamination, while the variety of aliphatic hydrocarbons of unsaturated or branch ed structures could suggest that they are abiotic origin. In fact, similar kinds of aliphatic hydrocarbons were reported in Murchison (Oro et al., 1971; Studier et al., 1972) . Therefore, on these aliphatic compounds only their presence was noted and no further discussion is made at this stage.
The amount of aromatic hydrocarbons in Yamato-74662 is about one order of magnitude less than that reported for Murchison (Pering and Ponnamperuma, 1971) . This Murchison study found a total of 22 possible compounds ranging from naphthalene to pyrene which was later increased to over 30 compounds by the study of another sample of Murchison (Basile et al., 1984) , adding mainly structural isomers of methylpyrene and benzopyrene, and heterocyclic compounds. The analysis of Yamato-74662 revealed possibly 50 compounds because of the detection of more isomers.
The two structural isomers of methylnaphthalene, 1-methyl and 2 methylnaphthalene, are both present in Yamato 74662. They isomerize to each other and the rate constant depends on temperature (Suld and Stuart, 1964 ). Eight of the ten possible structural isomers of dimethylnaphthalene were possibly found, while the other two, 1,8 and 2,3 dimethylnaphthalene,
were not detected. The 1,8-isomer has low structural stability due to peri-effect. Likewise, the 2,3-isomer tends to isomerize readily to the 1,3-isomer because of the steric hindrance. Therefore, the isomeric assemblage of dimethylnaphthalene found in the chondrite might be explained by the stability of these organic compounds.
Furthermore, the ratio of phenanthrene to anthracene which are tricyclic aromatic compounds and structural isomers of each other is 9 in Yamato-74662 and 13 in Yamato-791198. Since phenanthrene is ther modynamically more stable than anthracene, the ratios indicate that the assemblage of the tricyclic aromatic compounds is less mature in Yamato-74662 than Yamato-791198. As to tetracyclic aromatics, pyrene and its methyl derivative were found but not chrysene or naphthacene whose structures are less stable than pyrene. This evidence also support the kinds and relative abundance of aromatic com pounds detected in the chondrite.
Characteristics of Yamato-793321
No detection of carboxylic acids, and aliphatic and aromatic hydrocarbons in Yamato 793321 is in accordance with the finding of the amino acid-depletion in the same chondrite (Shimoyama and Harada, 1984) . Therefore, this chondrite is devoid not only of amino acids as reported but also of carboxylic acids and hydrocarbons. These evidences lead to a conclu sion that the chondrite might have originally con tained these organic compounds formed in the early solar nebula, since it contains 1.69% car bon and 0.11 % nitrogen which are appropriate amounts as a C2 chondrite. However, there is a possibility that extractable organic compounds were lost during the low temperature alteration on the chondrite parent body (Kojima et al., 1984) . If so, those extractable compounds might have decomposed to more volatile components and/or transformed to a part of non-extractable organic polymer. In this respect, the Belgica 7904 carbonaceous chondrite from Antarctica is known similar to Yamato-793321 from its ap propriate carbon and nitrogen contents and the little abundance of amino acids (Shimoyama and Harada, 1984) .
Application to thermal history
An investigation of relative amounts of organic compounds, especially structural isomers, found in carbonaceous chondrites may contribute to the understanding of aqueous and low temperature alteration processes that affected these meteorites (McSween, 1979; Bunch and Chang, 1980; Kojima et al., 1984; Tomeoka and Buseck, 1985) .
The formation of 1-methylnaphthalene (1MN) is kinetically controlled and favored over that of 2-methylnaphthalene(2MN) which is in turn more stable thermodynamically.
The two compounds isomerize to each other and the degree of the isomerization depends on tempera ture and duration of the reaction. Therefore, the ratio which reflects the degree of isomerization of 1MN to 2MN and vice versa can be used to deduce the relative extent of the thermal altera tion process of the carbonaceous chondrites. The ratio(2MN / 1 MN) is 1.0 in Yamato 74662, 1.5 in Yamato-791198 (Naraoka et al., 1988) , and 1.6 in Murchison (Pering and Pon namperuma, 1971) . Our laboratory investigation of the isomerization gave 2.0 for the equilibrium ratio at 450°C in the presence of mont morillonite catalyst. Although the rate constant of the isomerization is defined by the ratio of the two isomers at equilibrium for the first order reaction and changes with temperature, the ratio in the three chondrites could be used to tell the order of thermal history of the alteration process as follows: < Yamato-791198 _< Murchison
Or the maximum temperature experienced by these chondrites was higher in the same order.
On the other hand, if the isomerization had at tained equilibrium in these chondrites, which is quite likely for these chondrites in the early solar system, the ratio could be used to estimate the maximum temperature experienced by these chondrites, with the aid of laboratory simulating isomerization of the compounds at various tem peratures.
The effect of the aqueous part of the altera tion process is ignored in the above discussion. The presence of water in the isomerization does not change the rate constant. However, if we br ing water, in addition to heat, into the considera tion of isomerization on the parent body, the reaction conditions, which we know little of, becomes more complicated and the extent of the alteration can not be deduced presently. Further development of this subject will be necessary to obtain more accurate interpretation and estimate of the alteration process. 
CONCLUSIONS
